We discuss the wake wave-breaking that occurs due to the inhomogeneity of 
Among the charged particle accelerators that use collective electric fields in plasmas, the Laser WakeField Accelerator (LWFA) provides one of the most promising approaches to high performance compact electron accelerators [1] . Acceleration of electrons in electric fields ofup to 100 GV/m have been observed in LWFA experiments during the interaction of high intensity laser pulses with plasmas [2] . The production of accelerated electron beams with low energy spread requires a very precise injection of extremely short electron bunches in the appropriate phase of the wake field. We propose to use for electron injection the wake field breaking of the wake wave of a single laser pulse so as to overcome any synchronization problem [3] .
Even in the l-D case, wave breaking can either completely destroy the regular structure of the wave, or it can develop quite gently, with only a small portion of the wave involved in the break. In addition, even when the crash of the wake field occurs at the plasma-vacuum interface and destroys the wave pattern locally, nevertheless it may serve the purpose of injecting a portion of the electrons in the accelerating phase in the wake behind the laser pulse far from the plasma boundary [4] . In a homogeneous plasma the wake wave breaks, either inside the pulse orjust behind it, when the square of the laser radiation amplitude a2 exceeds 706 (Tpt = a /alo"). This regime has attracted attention since it provides both the injection of electrons into the acceleration phase and, at the same time a high rate of acceleration [5] . In this paper we present the analytical theory and the computer simulations of the nonlinear evolution of wake field waves in weakly inhomogeneous plasmas. In this case, at any given time, only a relatively small portion of the electron population is involved in the break. In order to study the long time evolution of the breaking wake wave we performed numerical simulations using the lD PIC code described in Ref. [7] .
In these simulations a circularly polarized laser pulse interacts with a weakly inhomogeneous plasma. The laser pulse length is lZL, and its amplitude is a = eEl mo)c = 2. The laser pulse is initiated in the vacuum region and then interacts with the plasma. Ions are assumed to be immobile. Asymptotically, as v -e -, the plasma is homogeneous with a density nln", -11625 that corresponds to alope = 25. Below x and t are normalized to ,1, and 2rla, conespondingly. The plasma density varies smoothly from zeto at x = 32 to 11548n", at x = 96 to avoid the distortion of the plasma wave due to wave-break at the vacuum-plasma interface discussed in Ref. [4] . The plasma is homogeneous at 96 < x < 128 and its density decreases gradually from 11548n", to ll 625n", at 128 < x < 152. To illustrate the difference in the wake field evolution that arises because of the finite width of the vacuum-plasma interface we present the electric field distribution in the plane.r, t (Fig. I d) , the Jacobian and phase velocity (Fig. I e) and the wake wave pattem (Fig. I e) , for ab"(-rg) = ((alr + ct4) -@pr -ooz) tanh (xolL)(l + tanh (xslL)). In the vacuumplasma interface we see the formation of wake breaking toward the vacuum region. This process is similar to the "electron vacuum heating" discussed in Ref. [8] .
We have performed a long-time run, up to 2500 periods of the electromagnetic wave, in order to study both the injection and the subsequent acceleration of the electrons injected into the wake field. The simulations were made in a "moving window". In Fig. 2 we show the electric field in the wake obtained in the PIC NU r-d Fig. 2 The electric field in the wake wave in the x, f plane: a) in the region of plasma inhomogeneity, b) behind the laser pulse.
simulations in the region of plasma inhomogeneity (a) in the time interval 0 < / < 280, and behind the laser for 300 < t < 25OO (b) where it has a regular stationary structure. In Fig. 2a Further acceleration is seen for t = 300 (c), and t =2500 (d). At time t = 2500 the maximum energy of the fast particles is approximately 330 mc2. The most energetic particles have been accelerated in the first period of the wake-wave behind the laser pulse. In Fig. 2c A very important feature of this injection regime is that it provides conditions when the resonant waveparticle interaction in the region of homogeneous plasma forms electron bunches that are well localized both along the x-coordinate and in energy space (Fig. 4) .
The main goal of LWF accelerators is to reach the largest possible accelerating field which is limited by the wake wave-breaking constraint. In a smoothly inhomogeneous plasma (and/or when the amplitude of t-l30 (.) 0 ro rs n |t0 s osrotonLo When this wavelength becomes of the order of the quiver amplitude of the electrens, the wake starts to break. This provides a mechanism for the injection of electrons into the acceleration phase of the wake field.
In this regime of injection the resonant wave-particle interaction in the region of homogeneous plasma forms electron bunches well localized both along the .rcoordinate and in energy space. These bunches are stable and contain a finite portion of the laser pulse energy.
